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   Abstract: An investigation has been carried out on a damped-type magnetic 
pulsation associated with magnetospheric substorm having a period in a range of 5-40 
minutes. This pulsation is referred to as  Ps6. This notation has been introduced 
for the sake of a clearer definition, though Ps6 belongs mathematically to  Pi3 accord-
ing to the present international classification. A relation between the geomagnetic 
field variations during a Ps6 and the fluctuations in the auroral electroject obtained 
with the auroragraph (a high-speed aurora analyzer) has been studied. Magneto-
conjugacy and polarization of  Ps6 have also been investigated. All the morphological 
characteristics including the previously reported features are summarized to examine 
six proposed models on Ps6. 
   It is confirmed that  Ps6 is not an assemble of a series of small substorms. It is 
also confirmed that Ps6 is different from Pc5 and Dp2. A remaining possibility is 
that  Ps6 is a magnetic fluctuation caused by a meridional reciprocation of a current 
system composed of double or triple field-aligned currents and the associated Pedersen 
current. However, the following two-snake model is concluded to be more plausible. 
A current system with in-flowing field-aligned current, westward ionospheric current, 
and out-flowing field-aligned current expands toward both the dawn- and the dusk-
sectors with the progress of  magnetospheric substorm. Thus  Ps6 is regarded to be 
due to a magnetic effect of a meandering of the current system during the expansion, 
which is compared with the meandering of two snakes along the auroral oval from 
the midnight point toward both the east and the west, respectively.
 I. Introduction 
   In association with progress of a substorm, large-scale disturbances take place 
in the magnetic field and plasma distribution in the magnetosphere. Therefore, the 
substorm is one of the most fundamental and important phenomena which have to 
be studied in magnetosphere physics. To study the mechanism of magnetospheric 
substorms, it is worthwhile finding some regular components out of the complicated 
magnetic-field disturbances in the most disturbed region, that is, in the  auroral oval. 
   The magnetic disturbances in the  auroral oval during the course of a substorm 
had been thought to be quite irregular. However, a peculiar type of disturbance was 
found recently (Saito and Morioka,  1971). The disturbance has so long a period in 
general that it cannot be identified with any of the magnetic pulsation types specified 
at the IUGG Berkeley Assembly in 1963. The disturbance, which is illustrated with 
a few examples hown in Fig. 1, has been referred to as Ps6. This abbreviated nota-
tion expresses the most prominent feature of the damped-type long-period pulsation 
during substorm (see Fig.  1). Researches on Ps6 have been published in Saito and
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Morioka (1971), Saito and Kato (1971), Saito (1972a nd b,  1973a nd b), and reported 
by the present author at the IAGA Scientific Assembly held in Kyoto in 1973. The 
IAGA decided to extend the conception of the pulsation and settled a new class Pi3 
for Ps6 and other long-period irregular pulsations. 
   Ps6 can be included in the categoryof Pi3 which was introduced at the IAGA 
Kyoto Assembly, 1973. However, the notation Pi3 will not be used in this paper.
        MODELS FOR SUBSTORM-ASSOCIATED MAGNETIC PULSATION,  Ps6 37 
Pi3 is a mathematical notation, whereas  Ps6 is more physical and more specific. To 
use the notation Pi3 would be confusing. 
   The present paper is a summary of both the results presented at the Kyoto 
Assembly of the  IAGA and the research carried out thereafter. More discussion about 
the physical and mathematical notations for magnetic pulsations will be given in 
Section 2. Morphological characteristics of Ps6 will be studied in Section 3. The 
observational results will be summarized in Section 4. Based on this summary, six 
models for Ps6 will be proposed and examined in Section 5. Brief discussions and a 
conclusion will be presented in the last section. 
2. A physical notation Ps6 against the mathematical notation  Pi3 
   The current international classification of magnetic pulsations was adopted by 
the  IAGA at the Berkeley Assembly 1963 and was modified at the Kyoto Assembly 
1973. It is based on the two  criteria: waveform and period as shown in Table 1A. 
The idea of this classification is of formal logic or mathematical. Every periodic or 
quasi-periodic magnetic variation is to be put into one of these nine classes, viz.,  Pc1— 
6, and  Pi1-3. On the other hand various pulsation types have been investigated and 
reported by many researchers with the names different from the international notations. 
One might recall some of such names; for example, IPDP, PiC, Psc, etc. As for the 
morphologies and theories of these types, see Saito, 1969. These types cannot always 
be identified by the international classification. Each of them is governed by its 
own physical mechanism and has its own characteristics which cannot be expressed 
by the simple mathematical ideas. Classification into these types is physical in 
approach and can be distinguished from the international classification which is a 
mathematical one. 
   Since the Berkeley classification was published in 1963, many confusions on the 
notations have arizen which remain to be straightened. For example, the notation 
Pi2 has been used by some researchers in the mathematical meaning for all the pulsa-
tions with irregular waveform and with periods from 45 sec to 150 sec. On the other 
hand, some have been using the same notation, only in a physical meaning, for the 
special damped-type pulsations concurrent with the onset of magnetic substorm, 
taking into consideration the comment given in the Berkeley resolution that Pi2 means 
formerly pt  ( Jacobs, Kato, et al., 1964). Therefore the same word Pi2 has meant 
only the old pt for some researchers, while it meant many types for others including 
the old pt, Psfe, Psc3, Psc4, etc. 
   In order to avoid similar confusion in the present paper, the notation  Ps6 will 
be used instead of Pi3. Ps6 is a specific type of pulsation associated with  substorm, 
whereas Pi3 includes Ps6, Psc5,  Psc6, Pip, and others. 
   If the two systems of classification are compared, it will be as shown in Table 1. 
The patterns in Table  1B show the spectral characteristics for each type due to the 
physical classification. As for the two systems of classification, more description will 
appear elsewhere in the future.
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 Sc(Si)-ASSOCIATED  PcI,2,3 A
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 ..maximum in the nighttime sector.
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(B) the physical classifications of magnetic pulsations.
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3. Some morphological characteristics of Ps6. 
   Ps6 has morphological characteristics as follows, besides the already reported 
features. 
3.1.  Relation between Ps6 and fluctuation of AE auroral electrojet 
   It was found that in each hemisphere Ps6 appears in the narrow region where 
the auroral  electrojet flows (Fig.  2). So the close relation between the fluctuations 
of magnetic field and the auroral electrojet can be expected uring a Ps6 event. Saito 
(1972a) constructed an auroragraph, a high-speed aurora analyzer, which enables us 
to obtain not only meridional movements of aurora (NS-component) as with the 
meridian scanning photometer (Hirasawa and Nagata, 1972) but also longitudinal 
movements (EW-component). The analysis speed is as high as one-hour-data per 
four seconds. The outline of the auroragraph is illustrated in Fig. 3. Fig. 4A shows 
the NS- and EW-components of the  auroragrarn of the event of July 22, 1966 which 
was obtained by the auroragraph. This auroral event was originally recorded with 
an all-sky camera at the Syowa Station, Antarctica. Through comparison of the 
two components, the fluctuations in the direction of the auroral alignment were obtain-
ed as shown in Fig. 4B. The fluctuations in the auroral alignment hus obtained are 
compared with those in the declination Ps6 at the same station (Fig. 4C). At these 
local times the auroral electroj et current flows as a rule westwards along the auroral 
alignment. As shown in Fig. 4, when the auroral current vector contains the north-
ward (southward) component, he magnetic field deviates westwards (eastwards). How 
to read the two components of the auroragraph is explained more in detail by Saito 
and Morioka (1971), and Saito (1972a). This relation between the two phenomena
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is also recognized for a distinct Ps6 event at Amundsen-Scott on June 26, 1965 event. 
If the relation between the auroral alignment and the magnetic field fluctuation during 
 Ps6 holds always anywhere in the auroral oval, the observed fluctuation in the direc-
tion of the auroral alignment must be due not to a standing oscillation of an wavy 
pattern of the aurora, but to a drift movement of the wavy pattern. This inference 
seems to be substantiated by the observational facts on the drift of the coherent region 
of  Ps6 as will be mentioned in (12) and (13) of Section 4. 
3.2. Conjugacy of Ps6 
   Ordinary magnetograms obtained simultaneously at a pair of conjugate stations 
are given in Fig. 4 and Fig. 5, where the conjugacy in the declination Ps6 is evident.
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   magnetic field declination during a Ps6 cv.e.nt on July 22, 1966. Simultaneity in the 
   magnetic field fluctuations at a pair of conjugate stations  are  also indicated.
Namely, the eastward eflections of the magnetic field at Reykjavik approximately at 
0045, 0100, 0125, and 0150 UT are concurrent with the westward deflections at its 
conjugate station, Syowa in this July 22 event. Similar concurrent  Ps6 fluctuations 
at the pair of the conjugate stations are also reported by Kamide,  Iijima, et al. (1969). 
Little investigation has been carried out on the phase relation at conjugate stations 
because simultaneous rapid-run magnetograms are hardly available at any pair of 
conjugate stations. However, the above-stated relation seems to hold taking into 
consideration the results from eye-reading of normal-run magnetograms. This fact 
implies that the drift movement of the undulated patterns of the auroral electrojets is 
 conjugate. 
3.3.  Polarization of the ground Ps6 
   One of the most distinct  Ps6 events ever recorded occurred at College on May 10, 
1964 (Fig.  6B). It is thought that this event is composed of the two individual Ps6's 
that began at 12h 35m and at  15h 20m UT, respectively. At each of these two 
moments a Pi2 event took place (Fig. 6A), and after the recovery of the first substorm 
event the second sharp negative substorm occurred at 15h 20m UT. Even if this
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substorm of
May 10 event is separated into the two individual Ps6 events, the former event involves 
about 10 pulses of the fluctuation. Such a large number of periodic pulses imply that 
 Ps6 is not a simple magnetic variation with apparently and fortuitously periodic pulses, 
but a pulsation governed by some physical mechanism. 
   The disturbance hodograph on the H-D plane is shown in Fig.  6D. In this figure, 
the hodograph is devided into twelve time pieces of  20-min duration. As summarized 
in Fig.  6C the polarization of the  Ps6 is right-handed except for the left-handed case 
which occurs when the auroral  electroj  et moves equatorwards. The same tendency 
was reported by  K  amide (1972) and Hirasawa and Nagata  (1972). 
4. Summary of the observed characteristics 
   In order to derive a model to  explain the mechanism of  Ps6, let us summarize 
all the main observed results obtained in this paper together with those which have 
already been obtained in the previous papers. The item without any reference among 
the following results will be the observed characteristics which have been mentioned
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in many papers. 
   (1) Ps6 is a pulsating magnetic variation with a quasi-period of  5-40 minutes 
and with an average amplitude of 10-100 y. 
   (2) Ps6 concurs with a magnetic substorm. The duration of  Ps6 is nearly coin-
cident with the duration of  H-substorm. there. 
   (3) Ps6 is apt to occur dominantlyin declination among the three components 
(Fig. 1). 
   (4)  Ps6 is observable below the northern and the southern auroral electrojet
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currents. The latitudinal width of the region where the same  Ps6 waveform is co-
herently observed is only  —4° (Fig. 7). (As for the definition of coherence, see Saito, 
 1972b). 
   (5) During a  Ps6 event the magnetic field and the auroral alignment fluctuate 
concurrently in direction (Saito and Morioka, 1971). When the current vector of the 
westward electrojet has a northward (southward) component, he magnetic field vector 
tends to have a westward (eastward) component. (Fig. 4). 
   (6) Ps6 tends to be observed concurrently at a pair of conjugate stations. (Fig. 
5, or Kamide,  Iijima, et al., 1969). 
   (7) Low-latitude Pi2 doesnot correspond with each of the magnetic field pulses 
within one  Ps6 event. But, one individual Pi2 event exhibits one-to-one correspond-
ence with the one  Ps6 event as a whole (Fig. 6).
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   (8) During the post midnight hours, disturbance hodograph of Ps6 on the H-D 
plane is right-hand (left-hand) polarized when the station is situated on the equator-
ward (poleward) side of the westward auroral  electrojet (Fig.  6). 
   (9) The period of the H-component Ps6 and/or the Z-component Ps6 is sometimes 
half that of the declination Ps6 (Fig. 8). 
   (10) Ps6 is frequently observed at satellites near the oval shell in the magneto-
sphere (Fig. 9 or Saito, 1972b). 
   (11) Sometimes the range of a Ps6 fluctuation in the magnetosphere attains as 
large as  .-60° in declination (Fig. 9A or Russell, McPherron, et al., 1971). 
   (12) Time lag in the Ps6 onset is observed along the auroral oval (Figs.  10D and 
E) and the oval shell (Fig. 9) in the magnetosphere. The longer the observed time lag 
is, the farther the longitudinal distance of the observation point from the midnight 
meridian is (Saito, 1972b). 
   (13) The apparent travel velocity of the Ps6 onset roughly agrees with the 
longitudinal velocity of both the spread of the westward  electrojet and the drift of the 
field-aligned current which occur in association with development of a substorm. The 
apparent ravel velocity calculated from the ground- and space-observations is  —1 km/s 
along the auroral oval (Saito and Morioka, 1971; Saito, 1972a and b).
5. Ps6 models 
   Questions would be arisen that Ps6 is merely an irregular fluctuation composed 
of several individual substorms or is a kind of modified Pc5 or Dp2. These questions 
will be examined first by setting up the models of individual-substorm, modified-Pc5 
and modified-Dp2 and by comparing the observed results Nos.  1-13 with the character-
istics expected from these models. Then the models concerning the  three-dimensional 
current system, namely, the double- and the triple-field-aligned-current models and 
the two-snake model will be examined and evaluated.
5.1. Individual-substorm odel 
   Let us first test the idea that a  Ps6 is a result of several bays taking place succes-
sively and periodically by chance and consequently the periodicity is only fortuitous. 
This model is rejected because of the following reasons. 
   (1) If this model was true, each magneticfield pulse would be accompanied by 
a low-latitude Pi2.  It has been established that substorm and Pi2 are in one-to-one 
correspondence relation (Saito and Matsushita, 1968; Saito and Sakurai, 1970; Saito 
and Sakurai, 1974). Yet, Result 7  and/or Fig. 6 disagrees with this expectation. 
   (2) Results 3, 4, 8, 9, 12 and 13 cannot be expected from this model.
5.2. Modified-Dp2 model 
   An individualfluctuation in the 
concurrent geomagnetic Dp2 variation
interplanetary magnetic field and that in the 
is sometimes held coincidental for a period as
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short as 30 minutes. So the possibility exists that  Ps6 is a series of short-period Dp2 
fluctuations. The most decisive counterevidence to this possibility is shown in Fig. 
8. The panel (A) thereof was presented by Nishida (1968) as one of the most typical 
Dp2 examples. In this figure he included the magnetograms from the auroral zones 
to assert that Dp2 is hardly observable there. However, a clear  Dp  1 (substorm) 
event is seen in the auroral zones and a distinct Ps6 event is detected there on the 
declination magnetogram (Fig. 8B) during just the same  substorm. event. The idea 
of the modified-Dp2 model is rejected also from Results 1, 2, 5, 7, 8, 9, 10, 11, 12 
and 13. 
5.3. Modified-Pc5 model 
   The physical Pc5 (ref. to Table 1) which has the following characteristics apparently 
resembles Ps6. 
   (1) Pc5 period surpasses 10 minutes at times (for example, June 30, 1959, event, 
etc. at South Pole, see Saito,  1964). 
   (2) Amplitude peaks in the auroral zones. 
   (3) Pc5 tends to be pronounced in declination in the auroral zones (Saito, 1964). 
   (4) Pc5 is activated during large Kp (Kuwashima, 1971). 
   (5) Simultaneity with auroral activity (Kaneda, Kokubun, et al.,  1964; Saito, 
Takahashi, et  al., 1974). 
   (6) Good conjugacy (Nagata, Kokubun, et al., 1963). 
We see that Pc5 and  Ps6 share many common characteristics. So the modified-Pc5 
model that Ps6 is a kind of the physical Pc5 needs to be examined. The most clear 
counterevidence of this is the direct association of  Ps6 with substorm (Result 2). A 
second counterevidence has been obtained as follows. Difference between Ps6 and 
Pc5 is to be clarified if the two phenomena take place successively. However, such 
a case can hardly be found owing mainly to the difference in their optimum local times 
of occurrence. However, we know that Psc5, namely a transient Pc5 excited by storm 
sudden commencement, takes place independently of local time at a station and 
resembles Pc5 closely (Saito and Matsushita, 1967). Fig. 11 shows one of the typical 
cases that these two phenomena occurred successively. Since they are definitely 
different in period, Ps6 is neither Pc5 itself nor a pulsation which occurs in the same 
resonant system as Pc5 and which is excited by substorm. 
5.4.  Double-field-aligned-current model 
   Taking into account he satellite observation of the double field-aligned currents 
(Armstrong and Zmuda, 1970), a current system consisting of the in-flowing  field-aligned 
current at the pole-side of the auroral oval, the equatorward Pedersen current across 
the oval, and the out-flowing field-aligned current at the equator-side of the oval was 
considered to give rise to the geomagnetic field variation in the EW-component both 
in the magnetosphere and under the aurora (Saito, 1972a). In this double-field-aligned-
current model,  Ps6 is considered to  result from changes in location and/or intensity of the
52 T. SAITO 
double field-aligned current system. This model can explain Results 1, 2, 3, 4, 6, 7, 
10 and 11. However, it seems necessary to invoke some other mechanisms to explain 
the remaining observed results. 
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burg. The arrow indicates the onset of a substorm identified by the onset of Pi2.
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5.5.  Triple-field-aligned-current model 
   Kamide (1972) tried to improve the double-field-aligned-current model, proposing 
the triple-field-aligned-current model as shown in Fig. 12A. He especially aimed at 
 explaining the polarization rule on the May 10 event (Result  8). Consideringthe
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   (A) Meridional section of the current system. 
   (B) Meridional distribution of  AH,  AZ, and  AD expected from the 
   (C) Polarizations of the magnetic field variations expected for 
   poleward shifts of the model current system.
after Kamide (1972). 
model. 
the equatorward and
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expected istribution (Fig. 12B) of  AH and  AD under the triple-field-aligned-current 
system (Fig. 12A), he derived the left- and the right-handed polarizations for the 
cases of the equatorward- and the poleward-shifts, respectively, of the current system 
(Fig. 12C). The model seems to be attractive because it explains Results 2, 3, 4, 6, 10 
and 11. However, it is still unsatisfactory to explain Results 5, 8, 9, 12, 13, and, 
above all, the polarization rule (Result 8) which he tried to explain. That is, only one 
pulse of the observed left-handed polarization can be explained from the equatorward 
crossing of the aurora. However, a series of the nine pulses of right-handed polariza-
tion as observed cannot be expected, provided that the nine triple-field-aligned-current 
systems move across the station only one way, namely, polewards. 
5.6. Two-snake model 
   During the course of a magnetospheric substorm the three-dimensional current 
system as shown in Fig. 13 is thought to be set up (Saito, 1972b). Let us put aside 
the current system related to the eastward auroral electrojet on the dayside because 
it has no relation with  Ps6. Then, remained current system is mainly composed of 
 two: the westward ionospheric urrents both along the northern and the southern 
auroral ovals and the field-aligned current sheets both in the  dawn- and the dusk-
sectors. Figs. 9 and  10C suggest hat the field-aligned current sheets drift from the
, 44_ 
 ti 
 „„ 
 44'
<c-4,
,,..
  11101/eA 
Ps 6
CURRENT  vr
it
7c,e„ 
d
Fig. 13. Schematic representation of the field-aligned currents in the two-snake model. Three-
   dimensional current system during a substorm and the movement of the field-aligned 
   currents  responsible for Ps6 are illustrated. Microstructure of the westward ionospheric 
   current is indicated in Fig. 14  (A).
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midnight sector towards both the dawn- and the dusk-sectors, respectively, and hence 
the ionospheric urrents spread both eastwards and westwards during the expansion 
phase of substorm as shown in Fig. 13. 
   Concerning the ionospheric portion of the current system, Saito and Morioka 
(1971) considered a magnetic effect of the westward electrojet flowing along a wavy
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(A) Two-snake model. 
(B) Picture of the aurora taken by the satellite DAPP on January 8, 1973. 
(C) Auroral form and its movement (center) and the proposed surface waves on the 
plasma-sheet boundaries (left and right). 
(D) Configuration of the ionospheric current and its movement derived from the Kisa-
beth-Rostoker model (cf. Fig. 15C). 
Note the similarity in pattern and movement of the aurora in (A), (B), (C), and (D).
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form which drifts from the midnight sector to both the dawn and the dusk sectors, 
respectively, as illustrated in Fig. 14A. Since the wavy pattern drifting towards the 
two ways can be likened to two snakes meandering from a point in the opposite direc-
tions, the three-dimensional current model combining Figs. 13 and 14 is called the 
two-sanke model. This model seems to be most plausible for  Ps6, since this may 
explain all the observed results listed in Section 4. (Another paper will be published in 
the near future concerning the polarization rule (Result 8) and the period relationship 
(Result 9) of Ps6.) Discussions will be focused on the two-snake model in the next 
section.
6. Discussion and conclusion 
   We examined in the previous section the six models for Ps6 and rejected the first 
three models; individual substorm, modified-Dp2, and modified-Pc5. The fluctuations 
expected from these three models often resemble  Ps6 so much that we are apt to confuse 
Ps6 with these. For example, the March 16, 1958 event and the August 30, 1958 event 
which have been reported by the present author as some examples of  Ps6 (Saito, 1972a) 
are now found to be of the modified-Pc5 type. 
   As for the next two models, the double- or triple-field-aligned currents, they really 
take place frequently in the magnetosphere (Armstrong, Akasofu, et al., 1974). There-
fore, some of the reported Ps6 events may actually be affected by fluctuations in 
location and strength of the double- or triple-field-aligned current system. 
   Nevertheless, the last model, two-snake, seems better than others since this model 
also agrees with the results which have been presented in the following three papers 
by Akasofu, Hones, et al. (1971), Kisabeth and Rostoker (1963), and Rogers, Morse, 
et al.  (1973). 
   Akasofu, Hones, et al. (1971) postulated HM surface waves propagating along 
the northern and the southern surfaces of the plasma sheet in order to explain the 
westward traveling surges and the eastward traveling omega-bands along the auroral 
ovals. Although their model of HM waves on the plasma sheet boundaries is slightly 
different from the two-snake model, the auroral pattern and its movement which they 
tried to explain by their model (Fig. 14C) is strikingly similar to ours in Fig. 14A. 
   Kisabeth and Rostoker (1973) observed magnetic field variations at a Canadian 
meridional chain of stations and asserted that quasi-periodic fluctuations (T  — 30 
minutes) in declination are associated with the passing of successive westward travel-
ing surges and eastward traveling loops of aurora. They proposed that these magnetic 
fluctuations are physically due to the magnetic effect of the southward ionospheric 
current that flows from one westward current to another as shown in Fig. 15B. If 
we extend his model to explain the actual phenomena, we will arrive naturally at our 
two-snake model in the following way. Fig. 15A exhibits the magnetograms with 
which they intended to show the association of the two kinds of phenomena. We 
may deduce from the records that the vertical broken lines representing the passage 
of the westward traveling surges and the solid lines representing the passage of the
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  Fig. 15. Two-snake type ionospheric current derived from the Kisabeth-Rostoker model. 
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      solid line). The general tendency in the local-time distribution of W.T.S. and  E.T.L. as 
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     (B) The Kisabeth-Rostoker model with the southward ionospheric current o explain 
     the magnetic fluctuations in (A). 
     (C) Configuration of the ionospheric current and its movement derived from an extension 
     of the  Kisabeth-Rostoker model (cf. Fig. 14D). 
eastward traveling loops tends to distribute in the pre- and the post-midnight hours, 
respectively. This deduction is not far-fetched because the deduced tendency agrees 
with the local time dependence in the direction of the drift of the radio auroral echo 
patterns derived from the EW-component of the radar auroragram (Saito and Morioka, 
 1971). Taking into consideration all these, the configuration of the overall ionospheric 
current and its movement as shown in Fig. 15C or in Fig. 14D are inevitably derived. 
The derived pattern in the figures is strikingly similar to the pattern in the two-snake 
model in Fig. 14A. 
   The snake-shaped auroral electrojet expected from the Ps6 characteristics agrees
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well with the auroral pattern viewed from outer space. Fig. 14B shows one of the 
pictures of the aurora taken from the DAPP satellite on January 8, 1973 (Rogers, 
Morse, et al., 1973). We cannot read from their pictures the drift direction of the 
wavy pattern, because the pictures were taken only once per one revolution of the 
satellite, viz., once every 102 minutes. As far as the shape of the discrete aurora in 
the picture is concerned, it is quite similar to the shape in Fig. 14A which was proposed 
already in 1971. No microfilm of the magnetograms for this January 8 auroral event 
has been available so far, but it is noteworthy that Ps6-like fluctuations with an 
average period of about 14 minutes are recognized in a  Reykjavik magnetogram printed 
in Kiruna Geophysical Data (Gustafsson, 1974). The drift velocity of the auroral 
pattern expected from the fluctuations in the Reykjavik magnetogram and the picture 
from DAPP agrees approximately with the drift velocity of Ps6 obtained from Figs. 
9 and 10. 
   The two-snake model is so and so attractive. However, it is not natural to 
attribute the complex magnetic disturbances during substorm to only one mechanism. 
In fact multiple field-aligned currents are observed by satellite and the poleward and 
equator-ward motions of aurora are frequently observed. So it may be concluded 
that Ps6 is by large due to the two-snake current system and partly to the multiple 
field-aligned-current. It must be worthwhile carring out more morphological and 
theoretical research of Ps6 for the studies of both magnetic pulsation and substorm. 
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